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To support the National Weather Service’s mission by producing the best 
estimate of snow water equivalent using all available data including satellite, 

airborne, and in-situ observations to protect life and property and the 
enhancement of the national economy.

Operational mission collecting SWE measurements since 1980. 

Mission



Ground

Airborne

Satellite

Multi-sensor  Snow 
Observations

Data Products

Interactive Maps

Time Series Plots

Text Discussions

Snow Information 
Products

Snow Modeling and Data 
Assimilation

Numerical 
Weather 

Prediction Model 
ForcingsGridded Snow 

Characteristics

U.S.

1-km2

Hourly

National Snow Analysis



• PRODUCTS

• Hourly and Daily

• 1 km2 Resolution

• INTERNET

• Interactive Maps

• 3D Visualization

• e.g. Google Earth

• Time-series loops

• National/Regional 
Discussions

• Text summaries  by 
watershed

• Point Queries

• DIRECT FEED

• Push or Pull

• Gridded Data

• Flat Binary or GIS-ready



13 NWS RFCs and NCEP
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National Weather 
Service

• 13 River Forecast 
Centers

• Weather Forecast 
Offices

Federal and State 
Agencies

•U.S. Army Corps of 
Engineers

•Bureau of Reclamation
•New York Department 
of Environmental 
Protection  

•Natural Resources 
Conservation Service

•Department of 
Transportation 

•Montana Department of 
Emergency Services

•San Francisco Public 
Utilities Commission

•University of Albany 
ASRC/CESTM

•University of Wisconsin 
Sea Grant Institute

•National Snow and Ice 
Data Center

•FEMA

Private Sector

• Baron Advanced 
Meteorological 
Systems, LLC

• Weather Channel
• Meteorlogix, Inc.
• Merrril Lynch
• Weather Decision 

Technologies, Inc.
• SnowStreet
• AccuWeather
• Snow Plow Operators
• Oppenheimer
• Campbell Soup 

Company
• Snowmobile 

outfitters
• Mountaineers
• General Public

Canadian 

• Manitoba Department 
of Natural Resources

• New Brunswick 
Department of 
Natural Resources

• Alberta Environment
• BC Hydro
• British Columbia 

Ministry of 
Environment

• Environment Canada
• Saint John River 

Basin Commission

Who uses our information?
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• National Weather Service
– First-order Stations
– Cooperatives 

• Federal and State Agencies
– NRCS SNOTEL and Snow Courses
– USACE New England District Snow 

Surveys
– Federal Aviation Administration
– California Dept. of Water Resources

• Regional Mesonets and Surveys
– State Mesonets
– CoCoRAHS
– MesoWest (150 smaller mesonets)

• International Agencies
– St. John River Basin
– Environment Canada
– BC Hydro

Over 71,432Current Reporting Stations / over 199,718 in NOHRSC database

National Snow Analysis
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295 Flight Lines
in Alaska

2568 Flight Lines
37 States, 9 Provinces

Airborne Snow Survey Network



Airborne Platforms



Gamma Detection System



Gamma Detection System Today



Potassium, Uranium, and Thorium

Atmospheric        
Radon

Cosmic Radiation

no snow

Natural Terrestrial Gamma Radiation



Potassium, Uranium, and Thorium

Pure, uncollided gamma 
radiation

Radiation absorbed by water mass in snow pack

snow 
cover 

conditions

Natural Terrestrial Gamma Radiation



10 miles long by 1,000 feet wide
(2 square mile area)

Typical Flight Line



Airborne measurements integrate shallow and 
deep snow packs. 

Typical Flight Line



Ground ice 2 to 4 inches thick also act like snow water 
equivalent.

Typical Flight Line



295 Flight Lines
in Alaska

2568 Flight Lines
37 States, 9 Provinces

Airborne Snow Survey Network



SnowEx 19/20 – Colorado Sites
Priority, TS Location, Flight line
1. Grand Mesa, CO115
2. Fraser (sites in order of priority), EX109, EX122, 

EX107, EX110
3. Senator Beck, CO138, CO144, CO152 (middle of 

UAVSAR FL ER2SB1_208aa)
4. East River
5. Niwot Ridge
6. Cameron Pass

1

2

3

4

5

6

Colorado SnowEx 19/20



Colorado SnowEx 19/20



Colorado flight line EX122

Fraser Experimental Forest
12,000 feet msl

Data used in Water 
Supply Forecasts

Airborne Snow Survey Network



Upper and lower tree line NRCS SNOTEL Sites 

Airborne Snow Survey Network



Late – season, high 
elevation snow pack.

Low elevation, broad regions

Airborne Snow Survey Network



Colorado Flight Line
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National Snow Analysis



National Snow Analysis



National Snow Analysis



Airborne Photos



Airborne Photos





• Record Snowmelt Flooding in Missouri River Basin. 
• Provided SWE and River Ice Conditions to support 

their operations.

Snow Water Equivalent Observations

Missouri River Basin Flooding



• Record Snowmelt Flooding in Missouri River Basin. 
• Provided SWE and River Ice Conditions to support 

their operations.

Snow Water Equivalent Observations

Missouri River Basin Flooding



The Future - King Air
• JetProp Commander is an aging airframe – Built in 

1984 
• Per the OMAO Recapitalization Plan a new King Air 

will replace the JetProp in 2020.
• Feasibility Study of a King Air 350ER was completed 

Fall / early winter 2017-2018 
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NOHRSC Snow Model Physics



NSA Product

Generation
Interactive Maps

Digital Data

Discussions

Temperature

Relative Humidity

Wind Speed

Solar Radiation

Atmos. Radiation

Precipitation

Precipitation Type

Hourly Input

Numerical Weather 
Models (1 km)

Soils Properties

Land Use/Cover

Forest Properties

GIS Data (1 km)

Snow Energy and Mass 
Balance Model

Blowing Snow Model

Radiative Transfer Model

State Variables for

Multiple Vertical

Snow & Soil Layers

Snow Water Equivalent

Snow Depth

Snow Temperature

Liquid Water Content

Snow Sublimation

Snow Melt

1

1

Data Assimilation
2

3

Snow 
Observations

Snow Water 
Equivalent

Snow Depth

Snow Cover

Snow Modeling Framework



Daily SWE and Snow Depth Observations are used to update the model 
If pattern of differences is explainable, an update field is generated and 
used to nudge the model toward observed states

• Uncertainties in driving data
– Precipitation under/over 

estimation
– Typing issue; rain/ snow
– Placement of storm track 

• Uncertainties due to model physics
– Melt problems due to temperature 

bias 
– Sublimation rates

Snow Observational Assimilation



Best Estimate of SWE



Benefits of NSA Products
Use of NSA Information Products at NCRFC

NWSRFS without NSA data

Observed Stage

Underestimated
Forecast Stage

Original Snow-17 SWE

NWS River Forecast System
N. Raccoon River, Des Moines River Basin                       2004 February 12 - March 11

NWSRFS updated with NSA data

Increased Snow-17 SWE

Example: Two river discharge peaks were observed but underestimated by                                                     
NWSRFS

Corrected
Forecast Stage
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Physical Element Map Options







SnowEx

• Synergies from research to operations. 
• King Air Calibration and Validation 
• Snow DA meeting - Improving Water Prediction by 

Assimilating Snow and Soil Observations.



Questions?

Carrie Olheiser
Carrie.olheiser@noaa.gov
Office of Water Prediction 

1735 Lake Drive West
Chanhassen, MN

952-368-2503

www.nohrsc.noaa.gov

mailto:Carrie.olheiser@noaa.gov


Snow Economics
“The Value of Snow and Snow Information Services” (2004)

Winter tourism Exceeds $8 
billion / yr

New 
England and 
Rocky 
Mountains

Cold water fishing 
(snow is cold 
water source)

Exceeds 2.3 
billion / yr

New 
England

Snowpack water 
storage

Up to $348 
billion / yr

Western 
U.S.

Economic Benefits of Snow
Snow removal Exceeds $2 

billion / yr
U.S.

Road closures that 
cause lost retail trade, 
wages, and tax  
revenue

Exceeds $10 
billion / day

Eastern 
U.S.

Flight delays $3.2 billion / 
yr

U.S. 
carriers

Damage to utilities Up to $2 
billion / event

Flooding from 
snowmelt

$4.3 billion 1997 U.S. 
floods

Economic Costs of Snow

Dr. Richard Adams
Professor, Agricultural and
Resource Economics Oregon 

State University

Dr. Laurie Houston
Research Assistant     Oregon 

State University

Dr. Rodney Weiher
Chief Economist    National 

Oceanic and Atmospheric 
Administration    U.S. Dept. of 

Commerce

“… improved snow information and services 
have potential benefits greater than $1.3 billion 

annually.”

“… investments that make only modest 
improvements in snow information will have 

substantial economic payoffs.”



Measurement Error (cm)

7023N (flight lines)

1.2812.10Percent Bias

0.150.54Average Bias

1.870.75Average Absolute Error

2.310.81Root Mean Square Error
Agri.  Forest

Airborne Snow Water Equivalent



Radiation 
Spectra

background 
(no snow) 
spectrum

Over snow 
spectrum
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Natural Terrestrial Gamma Radiation



Data Collection

AGDAS 
Airborne Gamma Data Acquisition Software



Red River Basin  - UNH NCRFC 



National Water Model
Soil Moisture 

NOHRSC  



NOHRSC NSA

NOHRSC  

58.8 % of CONUS snow covered on February 21, 2019.  


